Endoneurial fibroblast-like cells (EFLCs) have been described for more than 60 years, but the embryology, functions, and pathology of these cells are not well defined. Several hypotheses of their origin have been proposed. A previous study suggesting that they were of neural crest origin is supported by our data in humans. This lineage might account for EFLCs having multiple biologic functions and involvement in pathological processes. Here, we review what is known about the origin; functions in collagen synthesis, phagocytosis, inflammatory responses, and immune surveillance; and the pathological alterations of EFLCs based on the literature and on our personal observations.
INTRODUCTION
In addition to myelinating and nonmyelinating Schwann cells, a variety of cell types are present within peripheral nerves, including perineural cells, mast cells, pericytes, endothelial cells, and endoneurial fibroblast-like cells (EFLCs). Conventional fibroblasts constitute a pervasive, but diverse, population of cells the primary function of which is to establish, maintain, and modify connective tissue stromata that functionally interact with other tissues, such as epithelial tissue. The main defining characteristics of fibroblasts are their shape and ability to secrete extracellular matrix molecules such as type I collagen. The EFLCs seem to have more potential activities than regular fibroblasts, but their biologic roles have not been completely explored. The embryology, functions, and pathology of EFLCs are still not understood (1) . Therefore, it is appropriate to review this issue, taking both the recent literature and our personal observations into account.
Ultrastructural Features
The EFLCs are diffusely scattered between nerve fibers in the endoneurium but are not easily seen in routinely stained paraffin sections (Fig. 1) . However, they are clearly distinguishable by electron microscopy (EM) (Fig. 2 ) and are frequently located near blood vessels and under the perineurium where they are usually arranged parallel to perineurial cells (PCs) (Fig. 3) . Numerous fibroblasts can be seen in the epineurium, and most of these are also orientated parallel to PCs. In normal peripheral nerves of mice and rabbits, fibroblasts are very rarely detected by EM within the perineurium (2) . We have confirmed this in normal human nerves.
The EFLCs may represent approximately 2% to 9% of the endoneurial cells (3, 4) . They appear as spindle-shaped cells on EM, with triangular or rectangular cell bodies when seen in transverse sections. They have long slender cytoplasmic processes that extend either along the nerve trunk or laterally between nerve fibers; these processes loosely interdigitate with those from neighboring EFLCs and also encircle one or several Schwann cells. Compared with the Schwann cell nuclei, their nuclei seem paler. Their cell membranes show many smooth invaginations of micropinocytotic vesicles (Fig. 4 ) but no finger-like expansions as in typical macrophages (5) . The cytoplasm of EFLCs contains scattered mitochondria, Golgi apparatus, and prominent endoplasmic reticulum, which is often orientated in more or less parallel arrays and is dilated in places; the cisternae contain granular material. In normal nerves, these cells contain only a few lysosomes. Nevertheless, some are known as ''giantly vacuolated.'' Midroni and Bilbao (6) indicate that it is very difficult to differentiate between intracytoplasmic vacuolation and extremely convoluted cells observed in cross section. Fine intracellular filaments may also be present in their cytoplasm (Fig. 4) . Occasionally, the cytoplasm of EFLCs is invaginated by bundles of collagen that lie in direct contact with the plasma membrane (7) .
The lack of a continuous basal lamina around EFLCs distinguishes them from Schwann cells, PCs, and pericytes, all of which have continuous basal laminae. During Wallerian degeneration, it seems that EFLCs show 2 types of modifications at the level of the plasma membrane. The first is characterized by subplasmalemmal cytoplasmic condensations, the thickness of which is relatively constant, whereas their length varies. Similar adjacent plasma membrane specialization may be a feature of the cells of the mononuclear phagocytic system (8) or may be consistent with the known hemidesmosome-like membrane specializations of activated fibroblasts (9) . The second modification is the presence of small fragments of basal lamina membranes that are located outside the plasma membrane. Fibroblasts of various tissues show several forms of intercellular contact with each other. These include gap junctions in the mouse phrenic nerve (10) or close contacts in the rat mandible (11) . Paired or odd subsarcolemmal linear condensations of variable lengths are detected in the apposing fibroblasts by EM. Three or more fibroblasts may be linked by several symmetrical junctions, and multiple junctions may occur between 2 fibroblasts.
In conclusion, the morphological characteristics of EFLCs based on EM include their endoneurial location, spindle-shaped morphology, failure to associate with axons, lack of a continuous basal lamina, and long angular processes that are usually so narrow that they cannot be clearly observed by light microscopy (12) . In a normal nerve, EFLCs seem to have the same ultrastructural appearance as fibroblasts in other connective tissues (13) . The distinction between EFLCs and the so-called resident endoneurial macrophages is not clear in the normal peripheral nerve. Are they different cells or not? The term ''resident endoneurial macrophages'' sounds ambiguous to us because we have been unable to identify endoneurial macrophages definitively in many normal human, rat, or mouse peripheral nerves that we have examined by light microscopy or EM (2). Arvidson (14) found it difficult to distinguish endoneurial fibroblasts from macrophages; he indicated that endoneurial fibroblasts do not contain various dense bodies and are generally surrounded by collagen fibrils. Oldfors (3) wrote, ''in previous electron microscopic studies of the cellular content of the peripheral nerves in the mouse (3), rat (2), rabbit (15) , and man (16) , no macrophages were encountered.'' Nevertheless, Oldfors (3) proposed that by EM, macrophages in the normal peripheral nerve seem inactive, with ''numerous primary lysosomes and relatively few digestive vacuoles'' (3). In 1993, Griffin et al (4) indicated that normal nerve macrophages were rarely distinguished from endoneurial fibroblasts before the availability of specific immunomarkers. However, EFLCs may acquire some macrophage features during Wallerian degeneration or a demyelinating process before other macrophages of hematogenous origin invade the endoneurium (17) .
Immunohistochemical Features
Within fully developed peripheral nerves, the S100b protein is expressed by Schwann cells but not by EFLCs (18Y21), which we confirmed by immuno-EM. Similarly, GLUT1 is expressed by PCs and endothelial cells (22) but not by EFLCs (22) . We have confirmed these observations and also that many or most of these cells exhibit the major histocompatibility complex (23) . Many EFLCs are immunolabeled for CD34, a sialylated transmembrane glycoprotein and a stem cell/progenitor marker that is expressed on the surface of hematopoietic progenitor cells (Fig. 5 ). CD34 expression decreases as these cells differentiate and is not found in mature blood cells. This was first shown in formalin-fixed paraffinembedded specimens of normal human nerves by Weiss and Nickoloff (24) in 1993. These data were confirmed in 2003 by Hirose et al (25) who discussed the precise nature of these cells that they identified and indicated that they were distinct from Schwann cells and PCs. CD34 labels not only EFLCs but also vascular endothelial cells, including those of capillaries in most tissues and mast cells (26) . Nerve fibers, fibroblasts, and other cells are nourished by an intrinsic vasculature that occupies only 1% of the endoneurial area, which, in the rat sciatic nerve, equates to an approximate density of 68 blood vessels per square millimeter (22) .
It is not clear whether CD34 is expressed by all EFLCs, and it seems possible that the type and the level of expression of stem cell markers depend on cell type phases. For the first time by EM, we observed positive staining for CD34 antibody at the level of the plasma membrane of the EFCLs in normal human peripheral nerve (Fig. 6 ). In addition, we observed that endoneurial macrophages that have a large and round cytoplasm filled with myelin debris are specifically labeled by CD68 in human pathological nerve biopsies; close to them, EFLCs are not labeled by CD68. By contrast, we found that the CD68 marker labels only a few cells in the normal human nerve (27) . Thus, the distinction between EFLCs and macrophages in human pathological nerves is possible using combined immunoelectron microscopy for CD34 and CD68.
CD34-positive cells with the same ultrastructural features as EFLCs have been detected in various stromata, where they were called ''interstitial Cajal-like cells'' (28) , and in the peripheral nerves of dermal, mammary, fallopian tube ampullar mucosa and submandibular glands (29, 30) , gut (31), myometrium, ventricular and atrial myocardium, human gallbladder, and placenta (32) . Therefore, they are present in multiple organs. Cajal (28) described them for the first time in 1911 in the gut. However, in contrast to Cajal cells, EFLCs do not express C-kit (CD117; personal results). Yamazaki and Eyden (29, 30) have shown the existence of a reticulum of CD34-positive cells and have outlined that mononuclear cells such as lymphocytes, plasma cells, and mast cells are also present in this network.
Like PCs, EFLCs are immunopositive for the chondroitin sulfate proteoglycan NG2 (33) . An increase of NG2 immunoreactivity has been observed in rat and human nerves undergoing repair (34) . The NG2 is also expressed by cells comprising 5% to 8% of the glial cell population in the white and gray matter of the CNS (35) . The NG2 is implicated in the regulation of axon growth and regeneration (36) , and proteoglycans can interact with both extracellular matrix molecules and cell surface molecules (33) .
ORIGIN
The origin of EFLCs is still uncertain and controversial. On the basis of cultures from the E14.5 sciatic nerve, Morrison et al (37) have suggested that neural crest stem cells (NCSCs) may generate both fibroblasts and Schwann cells. Using Cre-recombinase fate mapping, Joseph et al (38) raised the possibility that NCSCs differentiate into Schwann cells and endoneurial fibroblasts after migrating into the peripheral nerve. To trace NCSC-derived cells, they used drivers specific to early (Wnt1) and late (Desert Hedgehog, Dhh) neural crest derivatives to express Cre-recombinase. These Wnt1-Cre and Dhh-Cre mice were mated with Rosa26lacZ conditional reporter mice, resulting in littermates expressing A-galactosidase in peripheral nerve NCSC-derived cells after Cre-lox recombination. Using another NCSC-tracing system (i.e. human tissue plasminogen activator-Cre driver), we have obtained similar results in normal adult human nerves: A-galactosidase enzymatic activity forms electron dense precipitates that look like small crystals and label the EFLC membranes (Figs. 7, 8 ). Jessen and Mirsky (39) proposed that EFLCs originate from cells in the nerve that express Hedgehog and are, therefore, Schwann cell precursors. They are clearly individualized in the mouse endoneurium at E17, which does not seem to have a counterpart in humans (Fig. 9A, B ). Woodhoo and Sommer (40) have confirmed that Schwann cell precursors give rise to both Schwann cells and EFLCs; they speculated that the glial cells that retain contact with axons might give rise to Schwann cells, and that those losing contact with axons might correspond to EFLCs.
Joseph et al (38) also proposed that a minor subpopulation of PCs on the endoneurial surface of the perineurium was neural crest derived and that all other PCs are derived from sources other than the neural crest. We carefully examined these endoneurial cells close to the perineurium by EM and found that they have the ultrastructural characteristics of EFLCs but not those of PCs (Fig. 3) . Therefore, it is not surprising that this minor subpopulation of cells that does not belong to the perineurium was A-galactosidase positive in our neural crest derivative tracing system (Fig. 8) .
In a culture system in which the perineurium forms after purified populations of sensory neurons, Schwann cells and fibroblasts are recombined, NCSCs do not form perineurium, which, therefore, may be of mesenchymal origin (41) . The PCs have also been described as fibroblasts because they have collagen fibers (7, 42) , and it seems that the perineurium is organized during development from cells that are loosely associated with nerves (42, 43) . In 1967, the ultrastructural study of Greenlee and Ross (44) on tendons in 12-day-old rat fetuses showed that mesenchymal cells differentiated into fibroblasts (45) . These fibroblasts express the Hedgehog receptor Patched homolog 1 (Ptch1) and require Dhh from Schwann cells during nerve development for proper perineurium maturation (43, 46) . The continuum of cellular configuration and morphologic aspects exists between the typical endoneurial fibroblasts and typical PCs during some processes of nerve regeneration that induce compartmentation of nerve fascicles. Some authors indicate that neural crestYderived cells also include non-neural ''mesenchymal'' cell types. Indeed, Le Douarin et al (47) established the presence of multipotent progenitors endowed with both mesenchymal and neural differentiation capacities in the early migratory neural crest of the avian embryo.
In addition, Morris et al (48) nerve trunk leads to the separation of the PCs from each other and from their basement membranes and to the appearance of a fibroblast-like phenotype (51) . Several other studies involving experimental Wallerian degeneration have shown that numerous fibroblast-like cells proliferate in the endoneurium, undergo perineurial transformation (Fig. 10A, B) , and participate in assembling small nerve fascicles (52). Yamamoto et al (53) recently showed by immunohistochemistry and EM that the perineurium regenerates via the fusion of the residual interfascicular perineurium and EFLCs of mesenchymal origin. These results confirm that PC precursors are present in the endoneurium and are able to migrate to the outer side of the nerve to regenerate perineurium. Thomas (54) had already outlined in 1989 that endoneurial fibroblasts and PCs could be different states of the same cell.
These observations confirm the report of Bunge et al (41) , which, as indicated above, showed that the perineurium was derived from fibroblasts that surround adjacent nerve fibers in formation and not from Schwann cells, thus again emphasizing the plasticity of fibroblasts. This mesenchymal origin was confirmed by Kucenas et al (45) and Pina-Oviedo and Ortiz-Hidalgo (55) . The proper arrangement of nerve fascicles depends on reciprocal intercellular signals. The Dhh makes up an intercellular signaling molecule secreted by Schwann cells, which signals how to organize the perineurial sheath to the surrounding fibroblasts located close to the areas of developing nerves. It has been proposed that Dhh may induce a mesenchymal-to-epithelial transformation of nearby fibroblasts (40, 43) . These fibroblasts, in turn, produce molecules that stimulate the formation of the basement membrane surrounding Schwann cells. The study of peripheral nervous system development has demonstrated that multiple changes occur in PC structure and function during the maturation processes. In the first trimester of gestation, PCs begin to organize from the surrounding mesenchyme of nerves but do not have an identifiable basement membrane or tight junctions. In the second trimester, the formation of a multilayered network of PCs, a discontinuous basement membrane, and primitive tight junctions can be recognized. We have performed an EM study of the sciatic nerve of a 14-week-old human fetus that was divided into several fascicles full of unmyelinated axons and surrounded concentrically by numerous fibroblast-like cells (Fig. 11) . They had no basal lamina, and it was possible to see some tight junctions. Finally, during the third trimester, these cells develop a continuous basement membrane and a larger number of tight junctions, which indicate a selective functional barrier. Nevertheless, other hypotheses than the mesoderm have been proposed for the origin of the perineurium. Using the NCSC-tracing system mentioned earlier, we have never observed the labeling of PC membranes (Fig. 8) . Kucenas et al (45) suggested that in the zebrafish, PCs might originate in the CNS. Maurer et al proposed (56) that most mouse EFLCs are of bone marrow origin, corresponding to the so-called fibrocytes (57) . In a review on regeneration and fibrosis in various tissues (not including peripheral nerves), Keeley et al (13) also suggested that tissue fibroblasts and myofibroblasts that correspond to activated fibroblasts proliferate and are derived from circulating fibrocytes. These blood cells, which look like monocytes, are not labeled by typical monocyte/macrophage markers but are CD34 positive. Vass et al (58) proposed that EFLCs originate from the bone marrow and showed that these cells underwent a slow and incomplete physiological turnover of approximately 60% of cells after 3 months. During Wallerian degeneration, chemotactic stimuli are considered to be involved in macrophage attraction to nerve lesions (59) . The way these cells reach the endoneurium is rarely discussed. At 24 hours after crush injury, which is used to initiate Wallerian degeneration, hematogenous macrophages are densely positioned in the epineurium around the perineurium (60) . Thus, it is understandable that resident macrophages recently exchanged from the blood cannot be differentiated from lesion-attracted hematogenous macrophages (61) . These authors estimate that the subtle differences between these 2 types of endoneurial macrophages could represent different stages of differentiation triggered by the process of turnover rather than the existence of entirely different cell populations. For Müller et al (62) , the resident endoneurial macrophage reaction could be supplemented or even overwhelmed by hematogenous macrophages only in the case of a severe nerve damage, when EFLCs response is insufficient for the degree of tissue damage. All of these data have been discussed and shown in experimental genetic and acquired models and in axonal and demyelinating processes.
In conclusion, several origins for EFLCsVperhaps associatedVmay include the neural crest, the bone marrow, and the mesenchymal cells, which generate the perineurium. Mueller et al (63) have outlined the potential heterogeneity of such endoneurial resident cells, which may consist of 1 type, that is, a long-term resident population, and another type, that is, a more mobile local macrophage population undergoing physiological turnover from the blood. Recently, Mafi et al (64) declared that ''these cells were mainly extracted from the bone marrow, but there have been additional sources, including muscle, dermis, trabecular bone, adipose tissue, periosteum, pericyte, blood, synovial membrane, and so forth.''
FUNCTIONS
The exact role of EFLCs in peripheral nerve regeneration has been debated for many years.
Collagen Synthesis
Fibroblasts synthesize Type 1 collagen (65) . These cells are also required for Schwann cell ensheathment of unmyelinated neurites in culture and for full basal lamina expression by these Schwann cells (66) .
Role in Myelin Phagocytosis (Differentiation From Macrophages)
Schubert and Friede (67) have shown cellular transformations of the endoneurial fibroblast population on injections of india ink or a purified preparation of rat sciatic myelin into rat sciatic nerves. The transformation of EFLCs into phagocytic cells was observed within hours after injections. That is why these cells have been called ''resident endoneurial macrophages,'' that is, they are activated earlyVbefore the influx of hematogenous macrophages (68) . Our data confirm that EFLCs can differentiate into phagocytes, that is, their slender shape, the presence of many micropinocytic vesicles, and the absence of finger-like expansions as in usual macrophages suggest an EFLC phenotype (Fig. 12) . Thus, such fibroblasts ''represent a significant source of phagocytic elements inside a peripheral nerve augmented to an undetermined extent by hematogenous monocytes'' (67), a finding that has been confirmed by others (69) . Preexisting EFLCs also seem to play an important role through the formation of specialized cell contacts with infiltrating macrophages (10) . We also observed this in our rat model of acute axonal lesions induced by microinjections of pure glycerol into the sciatic nerve (52); such contacts resemble the intermediate or simplified desmosome-type junctions and are in favor of a role of EFLCs in activating macrophages (56) . Bonnekoh et al (70) reported that in nerves kept in organ culture without added monocytes, there was a significant myelin phagocytosis derived from the ''resident monocyte population.''
Role in Inflammatory Response (Cytokine Production)
The secretion of interleukin 1A (IL-1A) and tumor necrosis factor is the first response to tissue damage and initiates a cascade of inflammatory and immune-related events, one of which is the induction of the production of granulocytemacrophage colony-stimulating factor in macrophages, fibroblasts, and endothelial cells. Degenerating peripheral nerves produce detectable levels of granulocyte-macrophage colonystimulating factor as early as the fourth hour after nerve injury. The granulocyte-macrophage colony-stimulating factor induces an upregulation of membrane attack complex 2, which is considered to be a ''macrophage-activation marker''; it is involved in myelin phagocytosis and takes part in myelin removal. It has an important role in the cascade of molecular events and cellular interactions that characterize Wallerian degeneration (71). Saada et al (71) have also shown that nerve resident fibroblasts produce apolipoprotein and IL-6. Indeed, many studies have shown that IL-1>, IL-1A, tumor necrosis factor, and IL-6 are produced by many neural sources, including macrophages, Schwann cells, and fibroblasts (72) . In vitro, IL-1A increases the level of leukemia inhibitory factor in nerve fibroblasts but not in Schwann cells (73) . Wang et al (74) showed that the leukemia inhibitory factor is the primary activator of signal transducer and activator of transcription 3 in endoneurial fibroblasts. The signal transducer and activator of transcription 3 is activated in neurons and plays an important function in their survival. Cytokines released by macrophages after peripheral nerve injury cause Schwann cells and fibroblasts to synthesize nerve growth factor (75). Yamashita et al (76) showed that after crush injury, EFLCs and Schwann cells synthesize and supply L-serine, which is a highly potent glia-derived neurotrophic factor that is very efficient in peripheral nerve maintenance and regeneration.
Role in Immune Surveillance
The CD34-positive EFLCs and blood-derived mononuclear cells seem to be integrated in the same network. Yamazaki and Eyden (29) suggested that this network could also provide support for an immune surveillance role. The EFLCs seem to be primary antigen-presenting cells of the peripheral nervous system, but this still has to be confirmed (68) . Indeed, many or most of these cells express major histocompatibility complex class II. This is why EFLCs have also been called ''resident immune cells'' (41, 49Y53).
Other Roles
After severe nerve trauma, large numbers of fibroblasts accumulate at the injury site (48, 66) . It is well established that fibroblasts play a key role in wound healing by secreting collagen and promoting tissue contraction, both of which contribute to scar formation. Because EFLCs are NG2-positive cells, inhibitory effects of NG2 on axon growth might be a mechanism by which axons are channeled into Schwann cellYcontaining regions of developing peripheral nerves. During regenerative axon growth, NG2-positive endoneurial fibroblasts may help keep the axons within the bands of Büngner (34) . Ephrin-B/EphB2 signaling directs the early stages of peripheral nerve repair after transection as Schwann cells emerge from both nerve stumps. This is followed by directional collective migration of Schwann cells out of the nerve stumps to guide regrowing axons across the wound (77) . These results have been confirmed by Dreesmann et al (78) who demonstrated by RNAi technology that nerve fibroblasts are instructive for Schwann cell migration by virtue of neuregulin, which seems to foster Schwann cell migration. Others have suggested that CD34 antigen might also act as both an inhibitor of cell adhesion and an enhancer of migration (26, 31) .
In all of the organs in which they have been described, EFLCs also seem to have a supporting mechanical role. In peripheral nerves, both EFLCs and PCs might provide a connective tissue matrix required for nerve regeneration (54) . Indeed, Renaut bodies, small endoneurial structures that are constituted of whorled proliferations of PCs and fibroblasts, are known to mainly localize at sites of maximal nerve compression. However, they are encountered in both normal and abnormal peripheral nerves, and their functions remain unknown.
PATHOLOGY
There is an increase in fibroblast number and an abnormal proliferation of collagen in the endoneurial space in many pathological processes involving peripheral nerves. Even in the most severe chronic or acute acquired or hereditary human neuropathies, regardless of etiology and mechanism (axonal or demyelinating), EM allowed us to observe a significant proliferation of typical EFLCs in addition to various macrophages. Using lethally irradiated bone marrow chimeric rats, Müller et al (68) found that if many resident macrophages became activated in experimental autoimmune neuritis, some kept their slim shape and displayed no CD68 labeling. This is also our experience in human nerve biopsies, that is, endoneurial macrophages of resident origin are detectable at all stages of the disease with a contribution of at least 27% of the total number of macrophages. This confirms the observation of Denny-Brown (1) in 1946 that fibroblasts are ''profoundly stimulated'' by nerve injury, which had already been outlined by Cajal (79) in 1928.
There are only a few articles in the literature that specifically present abnormalities of EFLCs in human and animal peripheral nerve disorders. In practice, it must be said that EFLCs are not usually or systematically studied or described in nerve biopsies maybe because their functional implications in most lesions of peripheral nerves are not well known. Moreover, because they are quite slim, they are difficult to see by light microscopy and should be systematically studied by EM.
Grehl and Schröder (5) have described ''degenerating endoneurial cells'' in different types of human peripheral neuropathies. Lesions of EFLCs are characterized by the dissolution of the cell membrane, sometimes of the outer and inner nuclear membrane, the condensation of the nuclear chromatin, and anomalies of the mitochondria (80) . In pathological circumstances, lipid droplets have been observed in the cytoplasm of proliferating endoneurial fibroblasts (81) . Vacuolation has been described in rare genetic neuropathies (82, 83) , but it is not certain that these aspects are abnormal or have any specificity.
Some other examples of characteristic EFLC lesions must be mentioned. In 7 nerve biopsies from patients with leprosy, we described endoneurial proliferation of polymorphic cells, including lymphocytes, plasma-like cells, monocytes, macrophages, and fibroblasts that infiltrate the endoneurium between and around degenerating or regenerating unmyelinated and myelinated axons (84) . Many of these cells were fibroblasts. At the ultrastructural level, some of these fibroblasts seemed to be in the process of differentiating into PCs. Small zones of thickening of the cytoplasmic membrane preceded the appearance of a true basal membrane. They appeared as a progression of normal immature fibroblasts into typical PCs that finally constitute microfascicles (84) . Similar aspects of microfasciculation have been described after nerve injury in human disorders in several other experimental conditions and autografting (49) (unpublished personal observations).
Riboflavin deficiency peripheral neuropathy in chicken results in hypertrophy of Schwann cells, with marked lipid accumulation and segmental demyelination. The formation of numerous fibroblastic onion bulb-like structures, which often enveloped more than 1 fiber, forming a compound onion bulblike structure, has been described by Cai et al (81) . The molecular basis of the apparent attraction of fibroblastic processes by myelinating Schwann cells is unexplained.
The CD34-positive cells with features of EFLCs can be seen within peripheral nerve tumors, such as neuromas, neurofibromas, schwannomas, and in some malignant peripheral nerve sheath tumors (''neurofibrosarcomas''); some of the latter exhibit a dual neural (S100A) and CD34-positive fibrocytic phenotype (85) . Quite rare similar tumors have been described in various localizations (86) . It is difficult to know whether the fibroblastic elements represent neoplastic or reactive components (85) .
Sommer and Schröder (87) studied the expression of HLA-DR in 44 sural nerve biopsies from patients with inflammatory or noninflammatory neuropathies and found that most of the HLA-DRYimmunoreactive cells were fibroblasts, macrophages, or PCs. Increased HLA-DR expression was significant in severe versus less severe neuropathies and in controls. Fibulin 5 mutations have been recently described as inducing associated pathologic alterations affecting the peripheral nerves, eyes, and skin (88) . Fibulin 5 is a glycoprotein that has an essential role in elastic fiber assembly and is secreted by various cell types, including fibroblasts. Thus, EFLC anomalies might contribute to the pathology of this recently described disease.
CORRELATIONS WITH MICROGLIA
The relationships between PCs and EFLCs are not clear. Several studies have shown that EFLCs, like CNS microglia, may belong to the monocyte lineage and are considered to be cell precursors. The NG2-positive glia are oligodendrocyte precursors in the CNS and probably play a crucial role in remyelination (89) . Therefore, EFLCs have been compared with microglia, which are said to constitute approximately 10% to 20% of all glial cells in the CNS. They are derived from bone marrow precursors and represent the brain's internal immune system, thus being considered as the first line of defense. In physiological conditions, microglia are also ramified and have highly motile processes, surveying the microenvironment in CNS (90). Gao et al (91) demonstrated that NG2 is also expressed in activated microglia, which play a key role in the phagocytosis of neuronal debris in the pathologic brain. It is also interesting to note that such CNS cell precursors have the capacity to generate Schwann cells, which are considered to develop from the embryonic neural crest and restricted to the peripheral nervous system (92) .
have elongated and ramified bodies, resembling the so-called interstitial Cajal-like cells described in various tissues. The roles of EFLCs in normal states and in pathological processes have not been completely explored and are not understood.
